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SUMMARY 

Systemic  insecticides  provide  one  more  way  of 
fighting  crop  insects.  This  report  is  intended  to  give 
agricultural  leaders  background  information  on  sys- 
temic insecticides  for  crop-pest  control.  Systemics 
are  defined,  their  potentials  and  limitations  discussed, 
and  a  look  into  the  future  attempted. 
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SYSTEMIC  CHEMICALS  FOR 
CROP-INSECT  CONTROL 


The  1950's  brought  us  a  hope  that  one  day  we  may  solve  some  of  our 
most  serious  crop-insect  problems  with  a  class  of  insecticides  called 
systemics. 

These  chemicals  are  absorbed  into  and  translocated  through  plants, 
chiefly  upward  or  towards  the  growing  tips  of  the  foliage  to  kill  pests  that 
feed  on  the  new  growth.  As  practical  pest  killers,  systemics  are  relatively 
untried,  but  with  high  potential.  They  provide  built-in  protection  against 
several  plant-sucking  pests,  and  against  a  few  chewing  insects.  Some 
systemic  insecticides  when  applied  to  the  foliage  are  absorbed  into  the 
plants  in  sufficient  amounts  to  destroy  the  pest.  Others  can  be  absorbed 
from  the  root  without  coming  in  contact  with  such  beneficial  insects  as 
predators  and  parasites  and  thus  are  a  nainor  threat  to  them. 

Research  has  brought  to  the  forefront  more  than  a  score  of  chemicals-- 
most  of  them  organic  phosphorus  compounds- -proved  to  have  systemic 
properties.  Some  of  these  are  too  highly  toxic  to  man  and  animals  for  more 
than  limited  use. 

The  persistence  of  toxic  residues  in  plants  is  an  important  linniting 
factor  in  the  usefulness  of  systemics  as  insecticides  on  food  crops.  The 
more  stable  ones  have  limited  usefulness  because  their  residues  may 
remain  in  the  plants  at  the  time  of  harvest.  Those  with  a  very  short  toxic 
life  may  have  limited  usefulness  during  most  of  the  growing  season  and 
yet  provide  farmers  with  the  preharvest  protection  they  need  without  the 
problem  of  residues. 

Study  so  far  has  failed  to  reveal  any  single  feature  of  molecular 
structure  that  is  common  to  systemic  insecticides.  While  clues  of  this 
nature  are  lacking,  research  for  better  systemics  may  be  aided  by  some 
recent  basic  discoveries  of  chemical  modes  of  action  within  plants  and 
animals.  There  is  hope  for  safer  and  more  versatile  systennics  than  any 
now  in  use,  but  there's  no  indication  that  any  single  systemic  will  control 
all  insect  pests  on  any  crop. 

This  report  mentions  a  number  of  chemicals  which  have  attracted  the 
attention  of  various  research  scientists.  While  a  few  of  these  chemicals 
have  been  authorized  for  use,  it  is  not  the  intention  of  this  report  to  recom- 
mend any  use  of  them.  Specific  reconnmendations  for  using  some  of  them 
may  be  obtained  from  the  State  agricultural  experiment  station  or  from 
Agriculture  Handbook  IZO,  "Insecticide  Reconnmendations  of  the  Entonnol- 
ogy  Research  Division  for  Control  of  Insects  Attacking  Crops  and  Live- 
stock, i960  Season,"  and  future  revisions  thereof.  This  handbook  is 
obtainable  at  65  cents  per  copy  from  the  Superintendent  of  Documents, 
U.  S.  Government  Printing  Office,  Washington  25,  D.  C. 


What  is  a  Systemic  ? 

Certain  chemicals  applied  to  soil  about  the  roots  or  to  stems  or  leaves 
of  plants  are  absorbed  and  translocated  into  other  parts  of  the  plants.  These 
are  systemic  chemicals --that  is,  for  atime  they  beconne  part  and  parcel  of 
the  "systems'*  of  plants.  If  these  absorbed  chemicals  then  kill  insects 
that  feed  on  plants  they  are  truly  systemic  insecticides. 

Actually,  none  of  the  chemicals  that  we  call  systemic  insecticides  are 
quite  as  "systemic"  as  we  would  like.  Thus  far  the  systemic  insecticides 
known  to  agricultural  scientists  generally  move  more  extensively  upward 
than  downward  from  the  point  of  treatment  on  plants.  Some  are  translocated 
only  short  distances. 

The  degree  of  systemic  insecticidal  action  depends  not  only  on  the 
insecticidal  effectiveness  of  the  chennical,  but  on  the  extent  of  absorption 
and  transportation  in  the  plant. 

The  insecticide  applied  is  not  always  transported  intact  to  the  site 
where  the  pests  feed,  but  in  some  cases  is  changed  by  the  plant  into  other 
toxic  compounds.  In  such  cases,  the  changed  chemicals  produced  by  plant 
metabolism  are  translocated  to  the  feeding  sites.  To  be  useful  on  food  and 
feed  crops,  these  chemicals  or  their  metabolites  must  either  not  reach 
the  marketed  product  in  amounts  that  will  preclude  establishment  of  a  safe 
tolerance  or  they  must  break  down  into  harmless  products.  This  is  an 
important  fact,  for  in  this  way  treated  food  and  feed  crops  become  usable. 

History 

Man  has  known  of  systemic  chemical  behavior  from  the  Fifteenth 
Century,  when  Leonardo  da  Vinci  injected  arsenic  into  a  peach  trunk, 
killing  pests  on  the  tree  and  making  the  fruit  toxic.  Nearly  half  a  century 
ago,  two  other  investigators  similarly  obtained  systemic  action  and  control 
of  insects  by  injecting  toxic  chemicals  into  plants.  In  American  research, 
a  Spanish-broom  shrub  was  freed  of  cottony-cushion  scale  within  a  few 
days  by  injecting  potassium  cyanide  into  the  trunk.  And  in  Russia,  an 
apple  tree  was  freed  of  woolly  apple  aphids  within  10  days  by  injecting 
barium  chloride  into  its  trunk.  Sodium  fluoroacetate,  now  known  as  a  sys- 
temic insecticide  and  a  rat  poison,  was  found  long  ago  in  a  South  African 
plant.  In  1929,  bordeaux  mixture  applied  to  bean  plants  in  a  USDA  study 
made  the  plant  sap  lethal  to  leafhoppers  in  untreated  parts  of  the  plant. 
In  1936,  USDA  scientists  observed  that  aphids  did  not  survive  on  wheat 
grov/n  in  selenium-bearing  soil.  Sodium  selenate  and  sodium  selenite 
have  since  been  experimented  with  as  systemic  soil  treatments  for  flowers, 
but  due  to  the  very  narrow  margin  between  the  minimum  effective  dose 
and  maximum  tolerance  of  the  plant,  have  not  been  widely  used.  In  1937, 
USDA  entomologists  first  demonstrated  the  absorption  and  translocation 
by  plants  of  the  bulky  insecticidal  rotenone  molecule  of  derris  extract.  It 
was  put  on  the  first  two  leaves  of  bean  plants  and  killed  Mexican  bean 
beetles  feeding  on  later-formed  secondary  leaves. 

Practical  systemics  are  a  strictly  modern  development  in  agriculture. 
Some  of  the  first  systemics  resulted  from  research  in  Gernr^any  prior  to 
and  during  World  War  II,  and  were  investigated  by  the  allied  governments 
less    than    15   years    ago.  The  development  of  the  present  family  of  organic 


phosphorus  systemics  began  in  1947,  with  the  original  discovery  by  Ger- 
many's Gerhard  Schrader.  Many  of  our  systemics  have  come  to  light 
in  only  the  past  4  or  5  years. 

Current  Status  of  Systemics 

Seven  systemics  are  now  in  use  or  at  least  have  encouraging  prospects 
of  future  use.  Six  are  organic  phosphorus  compounds  and  one  a  selenium 
compound.  Some  other  systemics,  including  a  few  carbamates,  have  been 
tested  and  largely  abandoned  because  of  their  limitations. 

Chemically,  the  organic  phosphorus  compounds  are  related  to  such 
non- systemic  insecticides  as  parathion  and  TEPP.  There  are  both 
organic  and  inorganic  fluorine  systemics.  Selenium  systemics  are  inor- 
ganic chemicals.  And  carbamate  systemics  have  structures  somewhat 
similar  to  the  nonsystemic  insecticide  Sevin  and  such  well-known  herbi- 
cides as  IPC  and  CIPC. 

Most  present-day  systemic  insecticides  are  chiefly  effective  against 
aphids,  thrips,  leafhoppers,  and  spider  mites  but  some  are  also  active 
against  other  insects,  including  chewing  insects. 

Three  systemics,  demeton,  Phosdrin,  and  phorate,  have  had  sub- 
stantial use  on  some  connmercial  food  and  feed  crops  under  certain 
conditions.  Their  similarities  and  differences  illustrate  the  unpredicta- 
bility that  seems  to  mark  the  whole  family  of  systemics.  They  are 
organic  phosphorus  compounds;  all  require  great  caution  in  their  use. 
But  there,  similarities  cease. 

Demeton  is  recommended  for  controlling  mites  and  aphids  and  one 
chewing  insect  (the  unspotted  tentiform  leaf  miner)  on  a  great  variety  of 
crops,  including  cotton,  alfalfa,  fruits,  and  vegetables.  It  changes  in  the 
plant  into  metabolic  products  of  high  insecticidal  activity.  It  is  moderately 
long-lasting,  up  to  a  week  or  longer.  Experience  with  this  nnaterial  to  date 
indicates  that  it  is  less  destructive  to  parasites  and  predators  which 
feed  on  crop  pests  than  many  of  today's  commonly  used  nonsystemic 
materials. 

Phosdrin,  however,  is  unique  because  of  its  very  short  toxic  life  on 
plants--just  1  to  3  days.  It  is  effective  against  fewer  sucking  pests  than 
demeton,  but  kills  some  chewing  insects,  making  it  particularly  useful 
for  late -season  use  on  leafy  vegetables.  Demeton  and  Phosdrin  are  used 
primarily  as  foliage  sprays,  although  the  former  can  also  be  applied  to 
the  soil. 

The  third  of  these  systemics--phorate--can  be  applied  to  seeds  or 
the  soil.  When  phorate  is  applied  to  the  soil  or  plant  foliage,  it  not  only 
is  absorbed  into  the  plant,  but  also  controls  some  insects  on  contact  or 
through  its  fumigating  action.  Phorate  derives  its  systemic  pesticidal 
effectiveness  from  its  conversion  within  plants  into  highly  insecticidal 
substances- -sulfoxides  and  sulfones.  Phorate  also  is  more  long-lasting 
than  demeton.  Phorate  applied  to  the  seed  row  in  field  experiments  has 
controlled  spider  mites  on  lima  beans  for  2  to  3  months,  without  leaving 
a  perceptible  residue  in  harvested  dry  beans.  Added  to  transplant  water  in 
preliminary    experiments,     it    has    protected    tomatoes    for     5    to  6  weeks 


against  the  beet  leafhopper  and  thereby  against  the  curly-top  virus  which 
this  insect  transmits.  Preliminary  experiments  now  underway  indicate 
that  it  may  be  possible  to  inject  phorate  into  the  root  zone  under  apple 
trees  to  control  spider  mites  attacking  the  foliage  without  the  occurence 
of  a  residue  in  the  fruits. 

The  combined  systemic  and  fumigating  actions  of  phorate  are  very 
effective  against  certain  hard-to-control  pests  on  ornamentals.  Phorate 
dusted  onto  lily  bulbs,  or  placed  in  the  soil  above  or  below  them,  controlled 
aphids,  the  carriers  of  several  virus  diseases  of  lily.  And  on  China  asters, 
phorate  controlled  the  leafhopper  which  carries  the  destructive  aster- 
yellows  virus. 

Some  other  systemics,  either  because  of  limiited  utility  or  newness, 
are  less  widely  used,  but  have  special  attributes. 

Schradan,  oldest  of  the  modern  organic-phosphorus  systemics,  has  a 
special  value  in  that  it  has  a  low  volatility  and  apparently  is  safe  for  use 
in  green  houses.  It  is  used  on  ornamentals  against  aphids.  Used  with  a 
nonsystemic  miticide,  Aramite,  it  also  controls  some  strains  of  parathion- 
resistant  spider  mites  on  greenhouse  roses.  Schradan  has  one  use  in 
protecting  a  food  crop.  Within  limitations,  it  can  be  used  on  walnuts  to 
control  the  walnut  aphid. 

Two  newer  organic  phosphorus  chemicals,  which  are  effective  against 
chewing  as  well  as  sucking  pests,  are  getting  the  attention  of  research 
scientists.  These  are  Di-Syston  and  phosphamidon. 

Di-Syston  seems  to  have  a  number  of  possibilities,  especially  for 
seed  treatment  and  as  a  soil  drench.  Seed  treatment  of  small  grains  has 
controlled  aphids,  grasshoppers,  and  the  hessian  fly.  In  some  instances 
(for  reasons  not  understood),  there  was  poor  germination.  In  tests 
against  the  hessian  fly,  furrow  treatment  with  this  chemical  controlled 
the  pest  without  plant  injury.  It  has  controlled  several  early-season  plant 
pests  on  cotton  for  3  to  7  weeks  and  has  controlled  the  spotted  alfalfa 
aphid  on  alfalfa  for  up  to  10  weeks.  Di-Syston  is  approved  as  a  seed 
treatment  for  cotton  and  alfalfa.  And  Di-Syston  applied  to  greenhouse 
soils  has  controlled  aphids  on  ornamentals  for  several  months  and  also 
controlled  some  root  pests.  As  an  experimental  foliage  spray  on  peaches, 
Di-Syston  has  given  good  control  of  the  eriophyid  mite,  carrier  of  the 
peach-mosaic  virus.  Scientists  are  not  yet  sure  whether  the  control  of 
this  mite  resulted  from  systemic  action  or  from  a  surface  deposit. 

Phosphamidon,  another  of  these  new  organic  phosphorus  systemics, 
has  experimentally  controlled  the  gypsy  moth  on  oak  trees  and  the  southern 
army  worm  on  cotton.  In  preliminary  tests,  phosphamidon  has  also  shown 
promise  for  controlling  the  codling  moth  on  apples  and  the  plum  curculio 
on  peaches  and  plums.  The  fruit  studies  were  made  with  foliage  sprays, 
however,  and  did  not  conclusively  prove  that  the  control  resulted  through 
systemic  activity. 

These  organic  phosphorus  chemicals  are  variously  serving  agriculture, 
or  may  do  so  after  further  development,  in  the  safe  commercial  production 
of  food,  feed,  or  ornamentals.  However,  these  systemics  are  currently 
regarded  as  too  hazardous  for  use  in  the  home  garden  or  on  house  plants. 
The  selenium  systemic,  sodium  selenate,  is  too  hazardous  to  use  on  food 
plants  because  of  its  toxic  residues. 
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Sodium  fluoroacetate,  a  fluorine  systemic,  is  better  known  as  com- 
pound 1080  (a  rat  poison).  This  chemical  can  not  be  sold  to  the  general 
public    in    this    country    because    of  its    toxic   hazard  to  man  and  animals. 

Certain  carbamate  systemics  are  made  and  used  abroad.  They  have 
not  come  into  general  use  in  the  United  States. 

Why  Systemics  Interest  Us 

Once  a  systemic  insecticide  enters  a  plant,  especially  from  sheltered 
sources  such  as  seed  or  soil,  its  harmful  effect  on  insectivorous  parasites 
and  predators  is  minimized,  as  has  been  shown  by  intensive  research 
on  the  spotted  alfalfa  aphid  by  the  California  Agricultural  Experiment  Sta- 
tion. Systemics  can  therefore  supplement  natural  or  biological  control 
of  plant  pests.  When  conventional  insecticides  are  used  to  control  certain 
major  pests  they  are  more  likely  to  kill  off  certain  predators  and  parasites 
that  normally  hold  the  prolific  thrips,  aphids,  and  mites  in  check. 

Systemics  in  many  cases  move  up  through  the  plant  as  it  grows,  while 
nonsystemic     poisons    are,    on    the   whole,   more    localized   in  their  effect. 

Some  systemics,  depending  on  the  crop  and  the  insect,  can  be  applied 
in  small  amounts  to  the  seed,  applied  to  the  stem  or  trunk,  sprayed  in  the 
seed  furrow,  or  loosely  distributed  on  the  ground,  yet  reach  the  insect 
feeding  site.  The  saving  in  material  and  labor  make  seed  treatment  an 
almost  ideal  method  of  chemical  insect  control  in  the  limited  number  of 
cases  where  it  is  effective.  The  ability  of  some  systemics  to  move  ex- 
tensively through  the  plant  suggests  that  we  may  one  day  discover  a 
systemic  insecticide  that  will  provide  complete  protection  although  sprayed 
only  on  a  part  of  a  plant. 

Systemics  have  been  particularly  effective  against  sucking  insects. 
Some  such  insects  are  especially  destructive  as  carriers  of  costly  plant 
diseases,  but  the  degree  of  disease  control  that  might  be  obtained  by 
controlling  the  vector  depends  in  large  measure  on  the  extent  of  feeding 
of     the     insects     on     the     plants     before    they    are  killed  by  the  systemic. 

We're  also  interested  in  added  benefits  from  systemic  chemicals. 
Sonne  of  them  not  only  protect  plants  through  systemic  action,  but  may  also 
kill  insects  by  surface  contact  and  by  fumigation.  Phorate,  for  example, 
has  killed  aphids  by  systemic  and  fumigating  action  and  by  contact  on 
treated  plots  of  alfalfa,  and  killed  aphids  on  adjacent  untreated  plots 
through  the  drift  of  fumes.  Demeton  not  only  kills  insects  systemically 
and  on  contact,  but  also  is  effective  against  certain  nematodes.  All  of  the 
bulb-and-stem  nematodes  on  leaves  and  93  percent  on  bulbs  of  daffodils 
were  killed  by  a  soil  treatment  with  demeton  in  an  experiment  conducted 
by  the  New  York  Agricultural  Experiment  Station.  The  same  chemical 
greatly  reduced  the  number  of  root-knot  nematodes  on  tomatoes  and 
cucumbers  in  a  study  by  the  North  Carolina  Agricultural  Experiment 
Station. 

Continuing  research  has  heightened  our  interest  in  systemics  by 
making  them  more  practical  and  useful.  For  example,  in  an  experiment 
with  small  grains,  combining  fertilizer  with  a  systemic  (phorate)  and  ap- 
plying the  mixture  near  the  seed  showed  possibilities  of  reducing  phyto- 
toxicity  of  the  insecticide  to  the  plants. 


The  range  of  properties  observed  among  systemics  suggests  the 
possibility  that  enterprising  chemists  m.ay  be  able  to  build  new  systemics 
that  combine  desirable  features  of  various  ones  now  in  use. 

Research  is  making  it  safer  for  us  to  handle  systemic  insecticides.  ARS 
studies  at  Beltsville,  Md.,  have  contributed  importantly  to  their  safe  use 
by  determining  and  meeting  the  requirements  for  safe  respirators  and 
face  masks.  Today,  labels  on  these  protective  devices  clearly  list  all  of 
the  chenaicals  against  which  they  have  been  tested  and  approved. 

Why  We're  Not  Making  Better  Use  of  Systemics 

The  limited  spectrum  of  insects  susceptible  tb  present  systemic 
chemicals  means  that  we  are  still  tied  to  conventional  insecticide  programs 
for  most  crops.  Moreover,  most  of  the  present-day  systemics  do  not 
translocate  in  the  plants  as  well  as  we  wish.  Thus,  their  practical  use 
is  limited  and  growers  must  supplement  their  use  with  other  insecticides. 
In  some  cases,  systemics  are  only  alternatives  to  conventional  insecti- 
cides. 

Research  has  shown  that,  in  general,  the  organic  phosphorus  insec- 
ticides which  are  most  efficient  as  crop  systemics  are  readily  absorbed 
by  the  skin  and  are  highly  toxic  to  mammals. 

Systemic  insecticides  can  be  handled  safely,  but  the  methods  of  use 
required  for  most  of  them  are  inconvenient,  unpleasant,  and  costly.  And 
the  decisions  whether  to  use  systemics,  and  which  ones,  require  the  most 
critical  judgment.  Widescale  adoption  of  systemics  has  been  held  back  by 
the  limited  knowledge  operators  have  of  these  chemicals  and  the  lack  of 
skilled  workmen  to  handle  them.  We  need  more  research  to  develop  not 
only  safe  but  easy  ways  of  using  the  chemicals. 

Excessive  residue  persistence  has  caused  industry  to  discard  several 
potent  systemics. 

We  haven't  been  able  to  put  enough  scientists  to  work  to  clear  up 
many  questions  that  need  answering.  In  many  cases,  systemics  have  been 
tested  only  against  relatively  few  species  of  insect  pests;  their  full  poten- 
tial has  not  been  measured.  We  do  not  know,  for  example,  how  much  they 
might  contaminate  or  alter  plant  pollen  and  nectar  and  in  turn  present  a 
hazard  to  pollinating  insects.  We  need  fuller  information  as  to  what  part 
of  various  crops--seed,  stena,  or  foliage--can  best  be  treated  and  when 
and  in  what  way.  The  amount  of  plant  injury  from  each  of  these  methods 
must  be  fully  determined. 

Some  systemics  are  to  a  degree  phytotoxic  to  certain  crops  and  so 
can't  be  used  against  some  of  our  most  serious  pests.  Most  of  the  sys- 
temics that  have  been  tested  on  seeds  tend  to  be  phytotoxic  and  reduce 
plant  stands,  particularly  when  conditions  are  unfavorable  for  normal 
seed  germination  and  growth.  Phytotoxic  effects  of  the  seed  treatments, 
however,  have  not  been  consistent.  And  some  present-day  systenaic  seed 
treatments  protect  plants  for  only  2  to  3  weeks.  A  systemic  that  can  be 
applied  to  seed  has  great  inherent  advantages  over  other  insecticides, 
but  on  the  basis  of  current  knowledge,  the  possibilities  for  seed  treatment 
are  still  quite  limited. 


When  systemics  are  added  to  the  soil,  complex  interactions  occur, 
generally  inactivating  the  chemical.  Plants  are  rather  inefficient  in  picking 
up  systemics  from  sandy  or  organic  soils.  Also,  inorganic  phosphorus  in 
the  soil  competes  with  the  organic  phosphorus  systemics  for  pickup  by 
plant  roots.  Of  our  more  promising  systemics,  only  three--phorate,  de- 
meton,  and  Di-Syston--are  practical  to  use  in  soil,  and  even  they  nnust 
be  applied  at  two  to  four  times  the  rate  required  for  effectiveness  as 
foliage  sprays.  On  the  other  hand,  sodiunm  selenate  is  too  stable  (as  well  as 
too  toxic)  to  use  as  a  soiltreatment  for  edible  crops.  It  remains  unchanged 
in  the  soil  until  it  leaches  out. 

The  volatility  of  some  systemics  increases  their  effectiveness  against 
certain   pests,   but  also  increases  their  hazard  to  workmen,  farm  animals 
and  friendly  insects. 

Some  of  our  systemics  have  a  restricted  downward  movement  or 
lack  such  movement  in  the  plant  and  accordingly  provide  only  partial  pro- 
tection to  plants  unless  applied  in  the  root  zone. 

These  are  some  of  the  reasons  why  a  number  of  very  promising 
systemics  have  made  their  appearance,  encouraged  us,  and  then  faded 
out  of  the  picture,  and  why  only  a  few  systemics  are  widely  used. 


Systemics  of  the  Future 

Although  these  limitations  thus  far  have  kept  systemic  chenaicals  from 
playing  a  major  role  in  economic  insect  control,  there  is  hope  to  be  gained 
from  the  recent  wide  interest  and  activity  among  scientists  in  testing  and 
developing  these  materials. 

In  reality,  we  can  survey  the  field  of  useful  and  experimental  systemic 
insecticides  and  conclude  that  research  has  brought  us  a  great  distance 
in  a  short  time.  Some  scientists  believe  that  we  have  almost  limitless  pos- 
sibilities for  developing  new  organic  phosphorus  compounds--the  class  of 
chemicals  from  which  most  of  our  present-day  systemics  have  sprung. 

We  can  hope  one  day  to  have  systemics  tailor-made  to  the  insect- 
control  needs  of  growers.  We  can  hope  to  find,  for  example,  a  systemic 
insecticide  that  can  be  applied  safely  and  without  phytotoxic  hazard  to 
the  seeds  of  cotton  to  grow  up  with  the  plant,  protecting  it  not  only  from 
early  season  insects,  but  against  such  major  destroyers  as  the  boll 
weevil  and  pink  boUworm. 

We  can  hope  for  the  development  of  systemic  chemicals  that  are 
completely  harmless  to  plants  but  deadly  to  the  pests  that  feed  upon 
them- -systemics  that  remain  effective  for  the  time  to  mature  the  crop 
and  without  leaving  residues  in  the  harvested  crop. 

Some  very  important  basic  discoveries  recently  made,  especially 
by  the  Wisconsin  and  California  Agricultural  Experiment  Stations,  shoxild 
be  stepping  stones  to  further  developmental  work.  These  studies  have 
shown  that  while  some  systemic  insecticides  act  on  the  insects  in  original 
chemical  form,  others  undergo  metabolic  change  within  the  plant  into  more 
insecticidally-active  products.  The  biochemical  processes  are  remarkably 
similar    in   insects    and   in  mammals  insofar  as  they  affect  the  toxic  action 


of  mostorganic  phosphorus  insecticides.  It  is  also  clear  that  the  metabolism 
of  demeton,  at  least,  takes  the  same  course  in  plants  as  it  does  in  mammals. 
The  effort  will  be  made  to  develop  chemicals  that  are  effective  against 
insects  but  harmless  to  warm-blooded  animals. 

Some  insight  has  been  gained  into  the  way  systemics  kill.  In  general, 
organic  phosphorus  insecticides  kill  or  harm  insects  and  warm-blooded 
animals  by  inhibiting  the  enzymes  that  are  indispensable  to  normal  nerve 
activity.  These  enzymes  normally  function  to  destroy  acetyl  choline 
immediately  after  this  body  chemical  has  done  its  job  of  activating  certain 
organic  functions.  If  allowed  to  remain  too  long  or  to  accumulate,  acetyl 
choline  disrupts  the  nerve  system,  impairing  such  essential  automatic 
functions  as  heartbeat.  So,  by  inhibiting  the  enzymes  that  destroy  acetyl 
choline,  these  systenaics,  as  well  as  the  nonsystemic  organic  phosphorus 
insecticides,  indirectly  attack  the  nerves.  As  we  gain  a  fuller  understanding 
of  the  lethal  action  of  systemic  insecticides,  we  should  be  able  to  develop 
them  more  fully. 

All  of  our  systemics  tend  to  move  upward  and  toward  the  growing  tips 
of  the  plants,  generally  following  water  in  the  xylem  channels  and  moving 
at  a  rate  governed  by  the  plant's  transpiration.  But  there's  a  difference 
among  plants,  as  well  as  among  chemicals,  in  the  way  translocation 
proceeds.  Research  may  clarify  the  variances  in  translocation  patterns 
of  different  systemics  in  different  crops.  It  may  give  us  a  fuller  picture  of 
the  many  kinds  of  metabolic  products  from  the  various  systemics  as 
they    move    through  plants,   and    show   us   how    these  products  kill  insects. 

With  complete  information  along  these  lines,  a  number  of  possibilities 
would  open  up  to  the  scientists.  For  one  thing,  they  might  be  able  to  devise 
companion  chemicals,  systemic  in  character,  which  could  engage  the 
insecticide  and  its  metabolites  within  the  plant  and  regulate  their  action- - 
change  them,  for  example,  into  more  toxic  substances,  or  detoxify  them 
before  the  plant  matures  or  as  they  enter  the  fruits  or  other  edible  parts. 
And,  of  course,  great  effort  will  be  made  to  develop  types  of  systemics 
selective  in  action  against  pests. 

Research  success  in  conabining  fertilizer  with  the  systemic,  phorate, 
to  make  the  latter  non- toxic  to  the  plants  when  applied  near  the  seeds  is  the 
kind  of  experience  that  encourages  scientists  to  continue  the  search  for 
safe  ways  to  use  other  systemics  for  this  purpose--especially,  systemics 
with  a  stronger  and  more  lasting  protective  effect  on  snaall- seeded  crops. 
Such  treatments  would  be  the  ideal  method  of  pest  control. 


PRINCIPAL  SYSTEMIC  INSECTICIDES 


(This  list  includes  systemics  that  are  still  in  the  investigational  stage  as 
well  as  those  registered  for  specific  uses) 


Current 
Name 

demeton 


Synonyms 


Features 


Systox  (a  mixture      Controls  sucking  insects  on  vegetables  and 
of  thiono-    and  fruits,    also    acts    as    a    systemic-contact 

thiol-isomers)  insecticide   and  fumigant   against   various 

insects. 


dimefox  Pestox  14 


Dimefox  is  highly  toxic.  It  is  manufactured 
and  marketed  abroad.  Authorization  has 
not  been  obtained  for  its  public  use  in 
this  country,  and  our  researchers  have 
shown  limited  interest  in  it. 


Di-Syston        Bayer  19639 


This  promising  insecticide,  especially  for 
seed  treatment,  controls  not  only  sucking 
insects  (including  the  eriophyid mite,  car- 
rier of  peach-mosaic  virus),  but  also 
some  chewing  insects  such  as  grass- 
hoppers. It  controls  the  spotted  alfalfa 
aphid  on  alfalfa  and  aphids,  spider  mites, 
and  thrips  on  cotton.  It  is  also  used  as 
a  soil  drench. 


methyl 
demeton 


meta-Systox 


This  moderately  toxic  chemical  has 
largely  been  abandoned  in  favor  of 
demeton,  a  more  effective  and  more  toxic 
systemic. 


pho  rate 


Thimet  (Ameri- 
can Cyanamid 
3911) 


Good    systemic    for     specialized    use,    in- 
cluding some  seed  treatments. 


Phosdrin 


Shell  OS-2046 


This  is  a  short-lived  insecticide  usable 
on  leafy  vegetables  within  3  days  of  har- 
vest. It  is  also  used  to  control  aphids 
on  strawberries  and  the  red-banded  leaf 
roller  on  apples.  It  must  be  applied  with 
the  greatest  caution. 


phosphami- 
don 


Cal.  Spray  Co.  This    promising  experimental  chemical  is 

OR- 1191  (MLi-97)     effective   against    several  chewing  as  well 
as  sucking  insects. 


schradan 


OMPA,  a  40- 
percent  ingre- 
dient in  the  tech- 
nical Pestox  III 


This  systemic  is  largely  used,  in  this 
country,  on  some  greenhouse  ornamentals 
and  on  English  walnuts  to  control  the 
walnut  aphid. 
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